Abstract:This paper proposes a new framework for prosodic pattern analysis, based on the study of excessive prolongation in spontaneous Israeli Hebrew. In order to reveal whether it is a random phenomenon or a predictable prosodic pattern, a multi-layer linguistic analysis was conducted. First, the phenomenon was taken out of its canonical research framework as a type of speech disfluency. Second, its acoustic characteristics were defined, and the phonological environments of these prolongations were accounted for. Finally, prolongations and their interface with the syntagmatic layer were analyzed. The proposed framework can serve as a format for other prosodic patterns as well.
Introduction
An effective approach to the study of prosody in spoken language seeks to identify prosodic patterns and WKHLU FRPPXQLFDWLYH YDOXHV DQG WR VXEVHTXHQWO\ ¿QG D correlation between these patterns and other layers of linguistic structure. This paper presents the prosodic pattern analysis of a specific pattern: the excessive prolongation in spontaneous Israeli Hebrew (IH). In order to determine whether it is a random phenomenon or a predictable prosodic pattern, a structural analysis was carried out. First, this phenomenon was taken out of its canonical research framework as a type of speech disfluency (hesitation). Second, its acoustic characteristics were defined, and the phonological environments of these prolongations were accounted for. The inclusion of a prosody-syntax interface in such a framework is also demonstrated.
'LVÀXHQF\ LQ QDWXUDO VSRQWDQHRXV VSHHFK LQFOXGHV the pauses, prolongations, truncations, repetitions, selfrepairs, restarts, mispronunciations; "editing terms" such as oops, sorry, I mean; and hesitations such as err, eh, uh, uhm. These phenomena present challenges for researchers LQ PDQ\ GLIIHUHQW ¿HOGV UDQJLQJ IURP VSHHFK SURGXFWLRQ and perception in psychology, to conversational analysis and automatic speech recognition in speech technology.
'LVÀXHQF\ W\SHV KDYH EHHQ WKRURXJKO\ LQYHVWLJDWHG LQ several languages, including English, Swedish, Japanese, and French (for example, in English SHRIBERG (1994) , CLARK AND WASSOW (1998), and SHRIBERG (2001) . In Swedish, inter alia, EKLUND (2004) , and ROLL, FRID AND HORNE (2007) . In Japanese, WATANABE (2013) ).
In fact, EKLUND (2004, p. 39) says that, in JHQHUDO VXFK GLVÀXHQFLHV PDNH XS DSSUR[LPDWHO\ RI spoken language. The present research, conducted on an IH spontaneous speech corpus, revealed the following GLVÀXHQFLHV IDOVH VWDUWV LH ZRUGV WKDW EHJLQ DQG are interrupted in the middle); 710 excessive prolongated ZRUG¿QDO V\OODEOHV KHVLWDWLRQ PDUNHUV SURQRXQFHG as [e] 'eh'; 37 hesitation markers pronounced as [em] 'ehm'; 178 interjections pronounced as [a] 'uh'; and 491 discourse markers,(lexemes), consisting mostly of three words: /az/ 'so', /zot omeret/ 'I mean' and / NHLOX µOLNH ¶ 7R VXPPDUL]H WKH GLVÀXHQF\ UDWH LV of the 32,334 tokens corpus (not including 6,207 silent pauses (>100ms) and 395 unintelligible words). This rate might be higher than the 5% reported above, due to the colloquial and spontaneous nature of the speech recordings (see The Corpus of Spoken Israeli Hebrew (CoSIH) for more details).
While SHRIBERG (2001) deals with hesitation
GLVÀXHQFLHV VKH XVHV WKH WHUP ¿OOHG SDXVHV (ibid, p. 155). She also includes repetitions ('all the the tools'), deletions or false starts ('it's-I could get it where I work'), substitutions ('any health cover any health insurance'), insertions ('and I felt I also felt'), and articulation errors ('and [pin] pistachio nuts').
<HW IURP D SURVRGLF VWDQGSRLQW DSDUW IURP ¿OOHG
pauses such as err, eh, uh, uhm DOO RWKHU GLVÀXHQFLHV consist of segmental increments, i.e. phenomena that represent a word, or part of a word/lexeme. Since the present research deals only with prosodic events, it will UHIHU RQO\ WR WKH H[FHVVLYH SURORQJDWHG ZRUG¿QDO syllables mentioned above, and to the 355 hesitation markers pronounced as [e] 'eh'. FLETCHER (2010) 7KH ¿UVW LVVXH KDV EHHQ GLVFXVVHG LQ VHFWLRQ above. The following section will discuss the second issue regarding this prosodic pattern.
Terminology conversion

A shift from disfluency to a prosodic pattern
5HJDUGLQJ WKH VKLIW IURP D GLVÀXHQF\ phenomenon to a prosodic pattern, I would argue KHUH WKDW WKH VDPH SHUFHLYHG GLVÀXHQF\ SKHQRPHQRQ has several phonological manifestations but the same acoustic characteristics. The fact that two manifestations can be considered as a single phenomenon is a linguistic premise, and SHRIBERG (2001) Indeed, it seems reasonable to gather all types of realizations into one category -a prosodic pattern. (2010) showed that hesitation GLVÀXHQFLHV LQ ,+ KDYH WKUHH UHDOL]DWLRQV LH WKUHH GLVWLQFW manifestations with regard to word-level phonology, all of which are perceived as excessive prolongation:
SILBER-VAROD
1. Prolongated syllables e.g., [ve‫]ޝ‬ 'and'.
2. Appended e vowels that are inserted, as enclitics, after a word, but within the same intonation unit, e.g., /az/ 'so' which is pronounced [aze] 'so eh'. The second reference to hesitations and prosodic boundaries is made by SHRIBERG (2001) (SHRIBERG, 2001, p. 161) Both approaches view the CE boundary tone as a border, albeit a minor one, since both consider the phenomenon a "pause without a pause" mechanism. The present research does treat it as a continuous boundary tone, which among other continuous (C)-boundary patterns (SILBER-VAROD, 2013, p. 47-51) has a communicative value signaling that the speakers wish to continue.
Before analyzing the acoustic characteristics of the CE boundary tone, the database on which the research was performed will be introduced.
Spontaneous Hebrew database
The corpus used in this research contains 19 audio segments from 19 recordings that were selected from CoSIH. The recordings, which were made during 2001-2002, are of authentic IH everyday conversations. Each dialogue consists of conversations between one core speaker and various interlocutors with whom the speaker interacted on that day. The research corpus consists of 31,943 words (over 6 hours of speech) of which 4,419 are word-types (unintelligible speech events are not included). All recordings were manually transcribed according to the Speech Assessment Methods Phonetic Alphabet (SAMPA), which is the transcription method used in the present paper too.
The phonetic realization of the CE boundary tone
The phonetic characteristics of the CE boundary tone in IH will be described according to three acoustic parameters (cf. SILBER-VAROD, 2010): 6+5,%(5* VXJJHVWV WKDW ³¿OOHG SDXVHV DW OHDVW those occurring within a clause) are intonationally wellformed" (SHRIBERG, 1994, p. 25) .
Duration: Syllables carrying the CE boundary tone differ dramatically from other syllables in duration.
In the present research, all syllables carrying CE tones were annotated as such only above a threshold of 230ms
LQ RUGHU WR KDYH D FOHDUFXW GH¿QLWLRQ RI WKH &( ERXQGDU\
The decision to set the threshold at 230ms was made after a pilot study carried out on two representative recordings, one from a face-to-face dialogue and the other from a telephone conversation (see SILBER-VAROD, 2013, p.70-73) .
Phonological environments of CE boundary tones
All possible phonological environments of CE tones are mapped in Table 1 The results can be interpreted as the mechanism with which IH speakers manipulate the prolongation. I would argue that this is the same phenomenon, but a different phonological manifestation. Still, it should be mentioned that the two manifestations also occur in other syllable types; i.e. closed syllables are also lengthened, and an appended [e] is also attached to open syllables. This was also found by ROLL, FRID, AND HORNE (2007, p. 229 µDQG ¶ SRVVHVVLYH PDUNHUV >6HO@ µRI ¶ GH¿QLWH DUWLFOHV >KD@ 'the', and other function words such as prepositions. This can be explained by mapping the relationship between linguistic and cognitive complexity. It is suggested here, according to GIVÓN (2009) , that the ease of production RQ WKH SURVRGLF OHYHO LV UHÀHFWHG E\ ÀXHQW VSHHFK while more coding material is revealed by excessive prolongations. On the syntactic level however, the ease RI SURGXFWLRQ DFWXDOO\ ³UHÀHFWV LWV GHJUHH RI PHQWDO accessibility" (ARIEL, 2001) . Function words are known as the most cognitively accessible, according to ARIEL (2001) , while content words are the least accessible and consist more of coding material, as GIVÓN (2009) says: "... More complex mentally-represented events are coded by more complex linguistic/syntactic structures; … More complex mentally-represented events require more complex mental processing operations. … More complex syntactic structures require more complex mental processing operations." (ibid, 2009, p. 283 ). This analysis is represented by Fig. 7 
Discussion
In the present research several linguistic levels were examined with regard to the single phenomenon of excessive prolongations. First it was analyzed perceptually, after which several acoustic measures were FDUULHG RXW LQ RUGHU WR GH¿QH LWV FKDUDFWHULVWLFV LQ ,+ 2Q WKH SKRQRORJLFDO OHYHO WKH ¿QDOV\OODEOH VWUXFWXUH ZDV studied to determine its correlation to the manifestation of excessive prolongation. Results have shown that there LV D VLJQL¿FDQW FRUUHODWLRQ EHWZHHQ WKH ODVW V\OODEOH structure and the realization of prolongations. Yet, this systematic phonological behavior cannot be the explanation of the linguistic motivation of the prolonged words. For example, the word [rotse] (masculine singular verb form of 'wants') ends with a CV structure as well. Does this mean it will most probably be prolongated? Another word [mayim] 'water' ends with the nasal [m] . Does the fact that it is a nasal continuant predict its prolongation over other words? With the structural multi-level analysis described here, it seems that the phenomenon of excessive prolongations -termed here the CE boundary tone -does not depend on the phonological structure of ZRUGV VLQFH LW KDV EHHQ VKRZQ WKDW WKH ¿QDOV\OODEOH structure does not prevent IH speakers from prolonging syllables, which they also do with an appended [e] . Once this regularity was found, the linguistic motivation for excessive prolongations was discussed on the syntagmatic level. It has been shown that, as in other languages, this phenomenon mostly occurs on function words.
Summary and future research
In the present research, three types of prolongations have been assembled into a single prosodic pattern termed the CE boundary tone. Such an approach allows for comparative cross-linguistic studies that examine this perceptual interpretation (e.g. that the speaker wants to continue), universal features (e.g. prolongation), as well as language-dependent features (e.g. the elongated vowel quality).
5HVXOWV DQG DQDO\VLV RI WKH ¿QGLQJV VXJJHVW that excessive prolongations in IH form a pattern which requires parallel segmental and suprasegmental mechanisms. The CE tone, which is mostly perceived as hesitation, is one of the techniques that the speaker uses to signal that he or she has more to say. This prosodic manifestation is executed when phonological structures on the segmental level easily allow it (in open syllables at PRUSKHPH ¿QDO SRVLWLRQ RU ZKHQ SKRQRORJ\ VHHPLQJO\ EORFNV LW DQG WKXV WKH SURVRGLF VWUXFWXUH ³¿QGV LWV ZD\ out" (with an appended [e] vowel). This prosodic pattern is thus a bridge over two intonation units that are syntactically dependent. This mechanism maintains the
ÀRZ RI VSHHFK RU WKH VSHHFK FKDLQLQJ
The structural analysis suggested here can serve as a format for the analysis of other prosodic patterns as well. Like the CE boundary tone, any prosodic pattern can be analyzed for its communicative value, phonetic realization, phonological structure, and syntagmatic environment.
Although a comprehensive analysis was presented above, excessive prolongations in IH still need to be thoroughly investigated on several levels. First, acoustic measurements should be conducted on the entire corpus. Moreover, although results on the syntagmatic level are well studied, the syntactic level analysis should be widened and a segmentation of deep syntactic structures of the corpus should be conducted in order to compare results in other languages and in order to predict excessive prolongations with regard to syntactic complexity.
